SUSPECTING atrial flutter when he heard an unusually rapid heart sound, Cohen, in 1910, confirmed the diagnosis by an electrocardiogram.1 Seventeen years later, Sir Thomas Lewis stated, in relation to bedside recognition of atrial flutter, that flutter sounds may occasionally be heard if there is an advanced degree of atrioventricular (AV) block. 2 The first recording of flutter sounds was provided by Bennett and Kerr3 in 1931. Since that time 13 more cases have been reported,4 14 and the sounds have been described and illustrated in monographs on cardiac examination.'5 17 That the genesis of the atrial sounds in flutter is different from that of the ordinary atrial gallop has been suggested by the finding of maximal intensity of the flutter sounds over the base of the heart3"12-14 and their audibility during ventricular systole.4 6, 12, 13 Various mechanisms have been postulated. It is the purpose of this presentation to report our observations including the first instance of intracavitary phonocardiography of audible atrial sounds in a patient with a rapid atrial rate regarded by us as a flutter mechanism and will be so referred to in the text and to support the premise that the sounds are associated with contractions of the atrial wall per se and, in contrast to the atrial gallop, do not represent ventricular filling consequent upon atrial systole. in 1962 and responded satisfactorily to digitalis and diuretics. On one of his recent clinic visits, frequent regular clicking sounds were heard by the medical resident(Dr. J. Reiskin) in the right third intercostal space parasternally and were thought to correspond to the atrial contractions of flutter which had been present for some time. Phonocardiography in the laboratory supported this impression.
Report of Case
The patient was then admitted to the hospital for intracavitary phonocardiography and other studies. On examination he was free of all signs and symptoms of heart failure and had no specific Circulation, Volume XXXIII, April 1966 AUDIBLE SOUNDS OF ATRIAL TACHYARRHYTHMIA complaints. The pulse was irregular at a rate of 40 to 50 per minute with long cycles during which regular soft sounds could be heard in addition to the first and second heart sounds. These sounds were audible only in the right third intercostal space and over the adjacent sternum ( fig.  1 ). Inspection of the jugular veins showed a waves occurring at the same rate as the audible sounds ( fig. 2 ). Although the atrial beats could not be palpated at the apex, they were easily recorded on the apex cardiogram ( fig. 3 ). The atrial sounds were best recorded during long ventricular diastole (AV block greater than 4:1) in which the successive sounds appeared to gain in intensity. In general, the first atrial systole occurring after the second heart sound was inaudible, and as long as the AV block was less than 4:1, no atrial sounds could be heard. The recordings were most satisfactory at the frequency range between 40 and 100 cps. The atrial sounds were heard with difficulty but recorded satisfactorily during ventricular systole (figs. 1, 2, and 3, open arrows). Summation of the atrial sounds with the first and second heart sounds increased the respective amplitudes of the latter sounds ( fig. 2 , asterisks).
Intracardiac Phonocardiography
By use of a Lewis sound catheter'8 and a recorder (Electronics for Medicine DR-8 recorder) at a constant amplification, intracavitary sounds were recorded from the venae cavae, right atrium, right ventricle, and pulmonary artery. It was found that the sounds were clearly detectable only in the right atrium ( fig. 4 ). The left atrium and ventricle were approached by means of a similar sound catheter advanced in the esophagus and placed fluoroscopically behind these chambers in sequence. The atrial sounds 1RVO -, recorded from these points were insignificant to absent ( fig. 4) . Discussion A study of all the reported cases of audible flutter sounds and the published records shows that the sounds are audible only in the presence of advanced atrioventricular block and the present report is confirmatory. The explanation is that atrial systoles occurring shortly after the second sound are usually inaudible. They become increasingly louder as diastole proceeds ( fig. 2) . At a flutter rate of 300 per minute and ventricular rates of 150, 100 and 75 per minute (2:1, 3:1, and 4:1 AV block) the diastolic periods (assumed to be 50 to 60% of the cycle length) will contain one and, at the most, two flutter waves. Neither of the first two diastolic flutter waves is likely to be audible. The presence of a third flutter wave occurring in diastole is associated with an audible sound and this would require an AV block of greater than 4:1. In fact, a perusal of the published records and of our own supports this simple calculation. It is reasonable to expect, in this connection, that the atrial contractions occurring during diastole become increasingly forceful and, therefore, more likely to produce sounds, as the ventricles become fuller with each successive atrial systole. That fullness of the ventricles may contribute to the production of flutter sounds is suggested by the disappearance of the sounds after treatment of failure in several cases9' 10 and by their enhancement through raising of the legs or other maneuvers designed to increase venous return to the heart, as was demonstrated in the present study.
The sound of atrial gallop which occurs in situations associated with impaired compliance IS,i I 3Rt 1 -1 l 3Rt BE 40 cm Figure 5 From above downward, lead V1 of electrocardiogram, phonocardiogram, and a bipolar intraesophageal electrocardiogram demonstrating the marked asynchrony of the left atrial P waves (LA) with the right atrial P waves (RA) representing the major portion of the P in lead VI.
The flutter sounds occur after the peak of the left atrial P waves and during the upstroke of the surface P waves. This temporal arrangement favors a right atrial origin of the sounds.
Circulation, Volume XXXIII, April 1966 610 AUDIBLE SOUNDS OF ATRIAL TACHYARRHYTHMIA of the ventricles is generated within the ventricles as they distend in order to accommodate the incoming load. The audible sound of atrial flutter on the other hand is independent of flow of blood from the atria into the ventricles as manifested by its persistence during ventricular systole. Our inability to record clear-cut flutter sounds within the cavity of the right ventricle and behind the left ventricle strongly supports the thesis that the sounds are produced within the atrium and may be conjectured to result from tension of the wall or changes in the tension of the atrioventricular valves at the time of atrial systole. This finding explains the higher intensity of the sounds over the base of the heart and its absence at the apex. In fact, it has been suggested that atrial sounds are composed of two components, an early sound related to tension of the atrial wall and a later sound reflecting ventricular filling.5' 6 It appears that the flutter sounds are of the early variety. Inspection of the tracings presented herewith demon- strates this point clearly. The sounds occur during the first portion or near the peak of the P waves in the limb and chest leads of the electrocardiogram. This is decidedly earlier than the location of the atrial gallop (usually 0.12 to 0.14 second after onset of the P wave).
Whether the flutter sounds recorded in the present case are produced in one or both atria is not clear. However, the absence of sounds in the intra-esophageal phonocardiogram and the synchrony of the sounds with electrical systole of the right atrium as judged by the intra-esophageal electrocardiogram ( fig. 5 ) indicate a right atrial origin. Possibly the greater freedom of movement of the walls of the right atrium as compared with those of the left is the explanation for this observation.
It is admitted that our designation of the arrhythmia as flutter may be challenged but we would prefer so to lable it. In deference to any opposing view, the patient after five days without digitalis showed a "flutter-fibrillation" or "impure flutter" as an atrial mechanism with irregular ventricular rate. Summary A patient with a rapid atrial mechanism (rate approximately 225), categorized as atrial flutter, had audible sounds correlated with the atrial cycle. Second degree heart block was present and the intensity of the sounds increased sequentially during the ventricular diastolic period. Phonocatheter records revealed prominent vibrations related to the atrial cycle in the right atrium, but not in the right ventricle, left atrium, or left ventricle. It is suggested that the flutter sounds represent tension of the atrial wall or the atrioventricular valve at the time of atrial systole and are unrelated to ventricular filling.
Addendum
Since the preparation of the manuscript another case of atrial flutter with audible sounds has been observed. In this 64-year-old man with congestive heart failure and atrial flutter, digitalis therapy led to an advanced degree of AV block (3:1 to 6:1) and the appearance of flutter sounds. Here, too, the sounds were audible during ventricular systole and were of maximal intensity over the base of the heart ( fig. 6 ).
